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(54) Coaled substrate 

(57) A laminate comprises a transparent substrate, 
a first oxide layer comprising ZnO which contains at 
least one metal, a f irst metallic layer comprising Pd-con- 
taining Ag and a second oxide layer comprising SnO s or 
ZnO which contains at least one metal, wherein these 
layers are formed on the substrate in this order. 
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Description 

The present invention relates to a laminate. 

Glass plates having high heat insulating properties called Low-E glass (Low Emissivity glass) have been used for 
s window glass for housing. These glass plates exhibit a high transmittance in visible light region and a high reflectance 
to near infrared tight and infrared light having a long wavelength of about 10 jim. Accordingly, when these glass plates 
are used, visible light in solar radiation can be taken into rooms while heat rays in the solar light can be prevented from 
entering into the rooms and discharge of heat in the rooms to the outside can be reduced. Thus, use of the Low-E glass 
prevents condensation of water on the window glass and reduces a load for heating rooms in a winter season. Further, 
10 a load for cooling can be reduced in a summer season. 

As one of the Low-E glass, there has been known a glass plate on which a single layer of Sn0 2 is formed. Such 
Low-E glass is prepared by an on-line spray method or a CVD method. The heat insulating properties of the Low-E 
glass is evaluated by the emissivity. As the value of the emissivity is smaller, the quality is better. The value of the above- 
mentioned Low-E glass is about 0.2. 
is As another example, there is a composite type wherein an Ag film and a transparent film are formed on a glass 
plate by a sputtering method. The emissivity of the Low-E glass of this type is as low as about 0.1 . Usually the Ag film 
is sandwiched by transparent films which reduces the reflectance of the Ag film while increasing the transmittance due 
to the interfering effect. Further, the transparent films protect the Ag film and improve the durability of the films in 
mechanical and chemical sense. 
20 As the transparent film, an oxide film such as ZnO, Sn0 2 , titania or the like or a nitride film such as silicon nitride is 
used. In particular, a Zno film is usually used since cost for material is inexpensive and the film forming rate is fast. As 
the film structure, there are three layers of ZnO/Ag/ZnO or five layers of ZnO/Ag/ZnO/Ag/ZnO. However, the latter has 
a smaller emissivity. 

A barrier layer is often inserted at the interface between Ag and ZnO in order to stabilize Ag. In particular, the bar- 

25 rier layer formed on the Ag layer is effective to prevent oxidization of Ag due to in an oxygen atmosphere when an oxide 
layer is formed by reactive sputtering on the Ag layer in an atmosphere containing oxygen. The Low-E glass using the 
Ag layer is lower in chemical and mechanical strength than the ordinary heat ray reflecting glass (so-called solar control 
glass). It is because the chemical and mechanical strength of the Ag layer is greatly lower than a film made of stainless 
steel, titania, Sn0 2 , titanium nitride, chromium nitride and so on which is used for the solar control glass. Therefore, the 

30 Low-E glass using the Ag layer can not usually be used as a single glass plate but it can be used as a double grazing 
glass or a laminated glass wherein the film surface is not exposed to the inside or the outside of a room. 

The Low-E glass using the Ag layer is in particular inferior in the humidity resistance of film. When the Low-E glass 
is left in air with the film exposed, there takes place deterioration of the outer appearance, i.e., white spots (a defect of 
spot) or opaqueness in a few days. Accordingly, the Low-E glass had to be formed as a double grazing glass or a lam- 

35 inated glass immediately after forming the Ag layer. 

Further, the Low-E glass using Ag is apt to be damaged. Even by slight contact with a hard material such as metal, 
or even with resin powder dispersed between glass plates for preventing close contact of them, the film surface might 
be damaged. Thus, the Low-E glass with the Ag layer required careful storage or handling until it was formed as a dou- 
ble grazing glass or a laminated glass. 

40 The following mechanism can be considered on a conventional ZnO/Ag/barrier/ZnO series Low-E glass as to how 
a defect of opaqueness or a white spot takes place. Water vapor in air reaches an Ag film through pin holes in a ZnO 
film of upper layer to cause an increased diameter of crystal due to oxidation and condensation of Ag. At the same time, 
a crack is caused in the ZnO film. Since, the ZnO film has a high inner stress, it has poor adhesion properties to the 
undercoat layer, whereby separation of the ZnO film is resulted at the interface of Ag/ZnO or barrier/ZnO film. The 

45 opaqueness or the white spot is observed due to the scattering of light at the position where the film is separated. 

There has been proposed to prevent the separation of the ZnO film by adding a second element to ZnO to reduce 
an inner stress in the ZnO film whereby the adhesive properties of the ZnO film of upper layer to Ag is improved (Jap- 
anese Unexamined Patent Publication No. 357025/1992). However, the proposed method was insuff icient to satisfy the 
humidity resistance properties practically required. 

so It is an object of the present invention to provide a laminate using Ag wherein the humidity resistance and the 
scratch resistance are improved. 

In accordance with the present invention, there is provided a laminate which comprises a transparent substrate, a 
first oxide layer comprising ZnO which contains at least one metal, a first metallic layer comprising Pd-containing Ag 
and a second oxide layer comprising Sn0 2 or ZnO which contains at least one metal, wherein these layers are formed 

55 on the substrate in this order. The above-mentioned laminate is referred to as an Ag-single layer type laminate. 

Further, in accordance with the present invention, there is provided a laminate which comprises a transparent sub- 
strate, a first oxide layer comprising ZnO which contains at least one metal, a first metallic layer comprising Pd-contain- 
ing Ag, a second oxide layer comprising ZnO which contains at least one metal, a second metallic layer comprising Pd- 
containing Ag, and a third oxide layer comprising Sn0 2 or ZnO which contains at least one metal, wherein these layers 
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are formed on the substrate in this order. The above-mentioned laminate is referred to as a Ag-double layer type lami- 
nate. 

In drawings: 

Figure 1 is an enlarged cross-sectional view of an embodiment of the laminate of the present invention; 
Figure 2 is an enlarged cross-sectional view of another embodiment of the laminate of the present invention; 
Figure 3 is an enlarged cross-sectional view of another embodiment of the laminate of the present invention; 
Figure 4 is an enlarged cross-sectional view of another embodiment of the laminate of the present invention; and 
Figure 5 is a graph showing spectral reflection curves in a relation of reflectivity to wavelength. 



Preferred embodiments of the present invention will be described with reference to the drawings wherein the same 
reference numerals designate the same or corresponding portions. In Figures 1 to 4 showing several embodiments of 
the laminate of the present invention, reference numeral 1 1 designates a transparent substrate, numeral 1 designates 
an oxide layer comprising ZnO which contains at least one metal, numeral 2 designates a metallic layer comprising Pd- 
15 containing Ag, numeral 3 designates a layer of thin metallic film or nitride film, numeral 4 designates an oxide layer com- 
prising Si0 2 or ZnO which contains at least one metal, and numeral 5 designates an oxide layer comprising Si-contain- 
ing SnOg. 

The ZnO containing at least one metal may be ZnO which contains at least one member selected from the group 
consisting of Sn. AJ, Cr, Ti, Si, B, Mg and Ga 

20 When the oxide layer comprising ZnO containing at least one metal which is formed on an Ag layer, is used, the 
content of the metal is preferably 1-10 at% based on the total amount of the metal and Zn. When the content is less 
than 1 at%, the inner stress of the ZnO film can not be sufficiently reduced, and the adhesion properties between the 
ZnO film and the Ag layer is not improved with the result that the humidity resistance of the laminate is not improved. 
Further, when the content is more than 10 at%, the humidity resistance is also reduced. It is considered that an 

25 increased proportion of the metal to be contained reduces the crystal liability of ZnO and the compatibility to Ag may 
decrease. In consideration of obtaining in a stable manner the ZnO film having a low inner stress with good reproduci- 
bility in addition to considering the crystaliizability of ZnO, the proportion of the metal to be contained is preferably 2-6 
at%. 

Also, with respect to the first oxide layer comprising ZnO which contains at least one metal, which is formed on the 
30 substrate, when it has a lower inner stress, the adhesive properties can be increased as a result of improving the humid- 
ity resistance of the laminate. However, when the proportion of the metal to be contained is excessive, the crystaliiza- 
bility of ZnO which is necessary to stabilize Ag is reduced. Accordingly, the proportion of the metal to be contained is 
preferably 1-10 at%, in particular, 2-6 at%. 

There is in particular no limitation to the film thickness, and it can be suitably adjusted so as to satisfy a requisite 
35 optical performance. The proportion of Pd to be contained in the metallic layer comprising Pd-containing Ag (hereinbe- 
low, referred to as Pd-Ag) is preferably 0.3-10 at% based on the total amount of Pd and Ag. 

When the content is less than 0.3 at%, the effect of stabilizing Ag is reduced. On the other hand, when the content 
is more than 10.0 at%, the effect of stabilization is also reduced. Although when an amount of Pd to be added is 
increased within a range up to 10.0%, the humidity resistance is improved. However, when an amount of Pd to be added 
40 is excessive, the film forming rate is reduced, the transmittance to visible light is reduced, and the emissivity is 
increased. Accordingly, from the above-mentioned viewpoint, an amount of Pd to be added is preferably 5.0 at% or less. 
Further, when the amount of Pd to be added is increased, the target cost is substantially increased. Accordingly, in con- 
sidering the humidity resistance which is generally required, a range of about 0.5-2.0 at% is preferable. 

It is preferable that the Ag-single layer type laminate has a layer of thin metallic film or a layer of nitride film between 
45 the first metallic layer and the second oxide layer. 

The Ag -double layer type laminate preferably has a layer of thin metallic film or a layer of nitride film between the 
first metallic layer and the second oxide layer and/or between the second metallic layer and the third oxide layer. 

The layer of thin metallic film or the layer of nitride film functions as a barrier layer to prevent Ag from oxidization. 
The thin metallic film or the nitride film may preferably be a film containing Ti, Zn, Ta, NiCr, SiN x as major component. 
so A film thickness of 1 -5 nm is preferred. When the thickness is less than 1 nm, function as the barrier layer is insufficient. 
When the thickness is more than 5 nm, the transmittance of the film is reduced. SiN x is a transparent nitride film. In this 
case, the upper limit of the film thickness is not in particular limited. 

In the Ag-single layer type laminate, it is preferable that a Si-containing Sn0 2 film is formed at the outer side of the 
second oxide layer. In the Ag-double layer type laminate, it is preferable that a Si-containing Sn0 2 film is formed at the 
55 outer side of the third oxide layer. 

It is preferable that the proportion of the content of Si to the total amount of Sn and Si in the Si-containing Sn0 2 is 
5-95 at%. more preferably, 30-90 at%, in particular, 40-90 at%. 

The Si -containing Sn0 2 film improves the barrier properties to water and improves the scratch resistance of the film 
structure. The presence of Si in Sn0 2 . there is a change of film from a crystal structure to an amorphous structure 
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whereby the fflm becomes dense. When the proportion of Si to be added is too small, the barrier properties of the film 
are reduced. Further, the film is of a crystalline form rather than an amorphous form so that smoothness of the film sur- 
face is lost, whereby the scratch resistance properties of the film are decreased. On the other hand, when the propor- 
tion of Si is excessive, arcing is apt to occur at the time of forming the film by a direct cunent sputtering method, and 

5 productbility is decreased. 

Although there is in particular no limitation of the film thickness of the oxide layer comprising Si-containing Sn0 2 . a 
thickness of at least about 5 nm is necessary in order to improve the humidity resistance properties and the scratch 
resistance properties. As the film thickness is increased, the humidity resistance properties and the scratch resistance 
properties are improved. The upper limit of the fflm thickness is not in particular limited. However, a thickness of 20 nm 

io provides a sufficient performance. 

The feature of the present invention resides in a stable combination of these films as described above. A combina- 
tion with another film does not improve the humidity resistance properties and the scratch resistance properties in com- 
parison with the above-mentioned combination. The inventors of this application have made extensive study on the 
combination of films. As a result, they have found that the above-mentioned combination is most suitable. 

is As the oxide layer formed under the Ag layer, a film including ZnO as the major component is most suitable. It is 
because the crystal structure of ZnO is hexagonal, which is normally oriented with respect to a C axis when the film is 
formed by sputtering on a glass substrate, then the Ag film of face-centered cubic lattice exhibits an orientation (1 1 1) to 
thereby stabilize Ag. 

Use of the same material as the oxide layer to be formed on Ag is advantageous in that the number of targets can 
20 be saved when the film is formed by multipaths with use of an in-line type sputtering device. 

Incorporation of Pd in the Ag film to improve the durability to chemicals of the Ag fflm has been known in Japanese 
Unexamined Patent Publication No. 131449/1984. The incorporation of Pd effects immobilization of Ag atoms, i.e. 
reduction of migration of a Ag. However, use of the Pd-containing Ag does not have direct connection to the improve- 
ment of the humidity resistance properties of the Low-E glass. It is important to chose the kind of the oxide layer to be 
25 formed on the Ag film. 

Concerning the oxide layer to be formed on the Ag film also, the above-mentioned film comprising ZnO as the major 
component is preferably used to improve the durability of the film. However, use of pure ZnO increases the inner stress; 
the adhesion properties at the interface of Ag/ZnO is insufficient, and the humidity resistance properties are poor. Fur- 
ther, it has low scratch resistance properties. In this case, even when the Pd-containing Ag is used, there is little 
30 improvement of the durability of the film. 

On the other hand, it has been known to improve the humidity resistance properties by using a film having a 
reduced inner stress by adding an element having a smaller ionic radius than Zn 2+ to ZnO even in a case of using pure 
Ag (Japanese Unexamined Patent Publication No. 357025/1992). 

An element to be added to reduce the inner stress may be Sn, At, Cr, Ti, Si, B, Mg, Ga and so on. 
35 The inventors have examined various kinds of combination of Pd-Ag and ZnO to which various kinds of metal are 
added. As a result, they have found /^-containing ZnO or Zn-containing ZnO to be preferable. The oxide layer compris- 
ing Al-containing ZnO or Sn-containing ZnO has good compatibility with the metallic layer comprising Pd-Ag, and with 
the combination of both of the materials the humidity resistance properties can be remarkably improved. 

In particular, At is inexpensive and the film forming rate of the Al-containing ZnO film is high. The oxide layer com- 
40 prising Al-doped ZnO has good compatibility with the metallic layer comprising Pd-Ag. 

It can be considered that the crystal structure of AI is the same as that of Ag or Pd. Accordingly, even in a case that 
AI deposits on the particles or the interface of ZnO, good matching properties would be provided at the interface 
between Ai and Ag or Pd in an atomic scale. 

Further, Sn is a preferred material as described before since it is relatively inexpensive. In particular, a change of 
45 reflection color viewed from the side of the film surface when the Sn-containing ZnO film is left in an atmosphere of high 
humidity for a long term is smaller than a change in a case of the Al-containing ZnO film. 

When At doped ZnO or Sn doped ZnO is used in combination of pure Ag, the humidity resistance properties can 
not be improved as expected because Ag is not sufficiently stabilized. 

The effect of improving the humidity resistance by Pd-Ag can be obtained by using the ZnO film of low inner stress 
so wherein Sn, At, Cr, Tl, Si, B, Mg, Ga or the like is contained in the oxide film. 

Description has been made as to use of the ZnO type oxide film as the oxide layer formed on the Ag film. However, 
Sn0 2 may be used for the film other than the ZnO type oxide film. Sn0 2 also has good compatibility with Ag, and it 
greatly improves the humidity resistance properties of the film. In this case, however, the scratch resistance properties 
are slightly lowered in comparison with use of the Sn-containing ZnO film or the Al-containing ZnO film. 
55 On the other hand, when a film of low inner stress, which contains T1O2 for instance, is used, it does not improve 
the humidity resistance properties as expected in comparison with the ZnO film, and the scratch resistance properties 
are slightly reduced. Further, when Ta 2 0 5 is used, the humidity resistance properties are improved in comparison with 
the ZnO film. However, the scratch resistance properties are greatly reduced. 

In order to compensate the reduction of the scratch resistance properties, it can be considered to chose as the bar- 
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rier layer a material having good compatibility with both the Ag layer and the oxide layer to be formed on the Ag layer. 
* However, the fflm thickness of the barrier layer is usually about several nm, and it is difficult to greatly improve the 
scratch resistance properties. 

The Si-containing SnC>2 film to be formed as the outermost layer has good compatibility with a film containing ZnO 
5 as the major component or the Sn02 fflm, and provides strong adhesion properties at the interface. Accordingly, when 
the Sn -containing Sn0 2 film is used as an overcoat layer, invasion of water into the film structure can be reduced, and 
a change of reflection color viewed from the side of the film surface due to deterioration of the film when it is left in an 
atmosphere of high humidity for a long term can be greatly reduced. 

The color tone of the laminate, which is viewed from the side of the glass substrate, of the present invention will be 
w described. In the Ag-double layer type laminate, when the thickness of the first metallic layer is adjusted to be within a 
range of 50% to 70%, particularly, 55% to 65% of the thickness of the second metallic layer, a reflection color of thin 
green can be obtained. Further, the reflection color does not change even when it is looked from an oblique direction. 

Japanese Unexamined Patent Publication No. 1 65442/1 995 discloses that the optical outer appearance of an outer 
reflection is substantially constant regardless of an incident angle by adjusting the thickness of the first layer of infrared 
is ray reflecting metal to be about 50%-80% of the thickness of the second layer of infrared ray reflecting metal. However, 
the characteristics of changing the color tone by the incident angle are greatly changed depending on the kinds of infra- 
red ray reflecting metal used. 

Figure 5 is a graph showing a spectral reflection curve (indicated by B) when an incident angle is 0° and a spectral 
reflection curve (indicated by A) when an incident angle is 60° in a Ag-douHe layer type laminate. In Figure 5. by chang- 
20 ing the incident angle from 0° to 60°, a rising point of reflection appearing at a long wavelength side is shifted to a short 
wavelength side. As a result of the shift, reflection of light in a long wavelength region becomes relatively high so that a 
change of the color tone is recognized (specifically, the color tone includes a red tone). Namely, when the rising point 
of reflection at the long wavelength side is suppressed to be as low as possible, a change of color tone becomes small. 
The feature of the laminate of the present invention is to include Pd in Ag. As described before, although the indu- 
es sion of Pd stabilizes Ag, the resistance value of Pd-Ag increases in comparison with that of pure Ag. The rising point at 
a long wavelength side of the spectral reflection curve is related to the resistance value, and a higher resistance value 
tends to provide a slow rising form. 

Namely, the laminate of the present invention provides a slow rising form at a long wavelength side of the spectral 
reflection curve in comparison with a case of using pure Ag, which functions desirably to a change of the color tone 
30 depending on the incident angle. Namely, in accordance with the present invention, a change of the color tone of reflec- 
tion light depending on the incident angle can be suppressed to be lower than that disclosed in Japanese Unexamined 
Patent Publication No. 165442/1995. 

in the Ag<louble layer type laminate of the present invention, a preferred film structure to obtain a reflection color 
of thin green is such that the geometric film thickness of the first oxide layer (the film thickness referred to hereinbelow 
35 means the geometric film thickness) is 30-37 nm; the film thickness of the first metallic layer is 6.5-8.0 nm; the film thick- 
ness of the second oxide layer is 58.5-71.5 nm; the film thickness of the second metallic layer is 10.5-12.5 nm and the 
film thickness of the third oxide layer is 22.5-27.5 nm. The film thicknesses of these layers are appropriately adjusted to 
obtain a desired thin green color. 

A method of forming these films is not in particular limited, and a vapor deposition method, a CVD method or the 
40 like may be used. However, a DC sputtering method is effectively used to a substrate having a large surface area such 
as a window glass. 

The substrate used in the present invention may be a transparent substrate made of resin other than glass. Such 
substrate can be used for a wall sheet for a hothouse for instance. 

In the present invention, the crystallizability of Ag is increased to stabilize Ag by using an oxide layer comprising 
45 ZnO which contains at least one metal, as the oxide layer to be formed under the Ag layer. 

A danger of separation at the interface between the Ag layer and the oxide layer due to the lower inner stress of the 
oxide layer can be reduced by using the oxide layer comprising Sn0 2 or ZnO which contains at least one metal, as the 
oxide layer to be formed on the Ag layer, and the durability of the film system can be improved. 

Further, use of Pd-Ag stabilizes Ag itself in comparison with pure Ag, i.e. Ag which does not contain Pd. 
so Use of the oxide layer comprising Si-containing SnO z reduces invasion of water into the film structure. Further, 
since the friction coefficient of the surface of the oxide layer is small, the scratch resistance properties of the film struc- 
ture can be improved. 

In the following Examples and Comparative Examples, a Low-E film is formed on each of glass substrates by film- 
forming conditions shown in Table 1 to obtain a number of Low-E glasses. 
55 In Table 1 . 5A/-ZnO means ZnO which contains 5 at% of M based on the total amount of A£ and Zn, and 5A*-Zn 
means Zn which contains 5 at% of M based on the total amount of A/ and Zn. Further, 1 Pd-Ag means Ag which con- 
tains 1 at% of Pd based on the total amount of Pd and Ag. In the following, the same definitions are applied. Further, 
SnSiO x means a composite oxide of Sn and Si where the atomic ratio of Sn:Si is 1 :1 , and SnSi means an alloy of Sn 
and Si where the atomic ratio of Sn and Si is 1 :1 . 
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In measuring the humidity resistance properties of the Low-E glasses obtained, they were kept in a constant tem- 
perature and humidity container of 40°C and 90%RH for 3 weeks, and the number of white spots of a diameter of 0.2- 
2 mm (the number in an area of 10 cm x 10 cm) produced in the film surface was counted by eyes. 

With respect to the scratch resistance properties of the Low-E glass, the critical load at the film separation was 
5 measured with a scratch tester of CSR-02 Model by Rhesca As conditions of testing, a diamond needle (R at the edge 
= 50 urn) was used; the inclination angle to the substrate was 4° and the moving speed on the substrate was 1 5 urn/sec. 

A change of reflection color viewed from the side of the film surface of the Low-E glass was obtained by measuring 
variations Ax and Ay on x and y of a CIE chromaticity coordinate before and after the storage of the Low-E glass. Sym- 
bols O * x were given when [(Ax) 2 + (Ay) 2 ] is 0.0000-0.0100. 0.0101-0.0200 and 0.0201 or more, respec- 



A float glass plate of a thickness of 2 mm was washed and set in a sputtering devica Air in the device was dis- 
15 charged to the order of 1 0' 6 Torr. In accordance with the conditions in Table 1 , four-layered film of 5A/-ZnO (film thick- 
ness of 40 nm)/1 Pd-Ag (10 nm)/5A/-Zn (barrier layer of 2 nm)/5A/-ZnO (20 nm) was formed. The humidity resistance 
properties and the scratch resistance properties of the Low-E glass were measured. A result of test is shown in Table 
2. In Table 2. a character G means the float glass plate of 2 mm, and figures in brackets indicate film thickness where 
unit is nm. The same definitions are applicable in the following. 
so It was found that the Low-E glass had a sufficient strength of film in practical use. 

[EXAMPLES 2 to 24] 

In the same manner as in Example 1 , various kinds of Low-E films as shown in Table 2 were formed on float glass 
25 substrates of a thickness of 2 mm to obtain various kinds of Low-E glass. The humidity resistance properties and the 
scratch resistance properties of the Low-E glass were measured. A result of tests is shown in Table 2. 
The Low-E glass obtained has a sufficient strength of film in practical use. 

The color tone of reflection light from the side of the glass substrate in Example 21 was indicated by a*4.5. b*1 .3 in 
a L*a*b* type coordinate and showed a reflection color tone of thin green color. In observation from an oblique direc- 
30 tion, a slightly strong blue tone was shown. 

The reflection color tone from the side of the glass substrate in Example 22 was indicated by a*3.0, b*-1.5 in a 
L*a*b* type coordinate, and it had stronger blue tone than the color tone of Example 21 . However, in observation from 
an oblique direction, there is no substantial change in the color tone. 

35 [COMPARATIVE EXAMPLES 1 to 8] 

In the same manner as in Example 1 , various kinds of Low-E film shown in Table 3 were formed on float glass sub- 
strates of a thickness of 2 mm to form various kinds of Low-E glass. The humidity resistance properties and the scratch 
resistance properties of the Low-E glass were measured. A result of tests is shown in Table 3. It was confirmed that 
40 each of the Low-E glass in Comparative Examples 1 to 4 is inferior in the humidity resistance properties and the scratch 
resistance properties in comparison with the Low-E glass in Examples 1 to 10. 

Further, it was confirmed that each of the Low-E glass in Comparative Examples 5 to 8 is inferior in humidity resist- 
ance properties and the scratch resistance properties in comparison with the Low-E glass in Examples 1 1 to 20. 
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Table 1 



Film 

1 HI 11 


Tampi 
icu yci 


f5ac introdijced 
(flow rate ratio) 


Pressure 
(mTorr) 


Input power 
(W/cm 2 ) 


ZnO 


Zn 


O2 (100%) 


2 


3.6 


Zn 


Zn 


Ar(100%) 


2 


2.0 


5AJ-ZnO 


5AI-Zn 


O 2 (100%) 


2 


3.6 


5AI-Zn 


5AI-Zn 


Ar(100%) 


2 


2.0 


3AI-ZnO 


3AJ-Zn 


O z (100%) 


2 


3.6 


3AI-Zn 


3AI-Zn 


Ar (100%) 


2 


2.0 


3Sn-ZnO 


3Sn-Zn 


o 2 (100%) 


2 


3.6 


3Si-ZnO 


3Si-Zn 


o 2 (100%) 


2 


3.6 


3Ti-ZnO 


3Ti-Zn 


o 2 (100%) 


2 


3.6 


Ag 


Ag 


Ar (100%) 


2 


0.8 


0.3Pd-Ag 


0.3Pd-Ag 


Ar(100%) 




0.8 


0.5Pd-Ag 


0.5Pd-Ag 


Ar (100%) 


2 


0.8 


1Pd-Ag 


1Pd-Ag 


Ar (100%) 


2 


0.8 


3Pd-Ag 


3Pd-Ag 


Ar(100%) 


2 


0.8 


5Pd-Ag 


5Pd-Ag 


Ar (100%) 


2 


0.8 


SnSiO x 


SnSi 


Ar/0 2 (=2/3) 


2 


5.5 


Sn0 2 


Sn 


Ar/0 2 (=1/4) 


2 


2.7 


Ta 2 O s 


Ta 


Ar/0 2 (=1/1) 


2 


5.5 


T10 2 


Ti 


Ar/Q 2 (=1/1) 


2 


5.5 



35 



40 



45 



50 



7 



EP0 751 099 A1 



^ <<<30000000<]<3<30000000<3<Jxx 



O 
03 

VH 

u 

3 

05 



I 

O 

A 
^1 



— O 

CM — I 

* 8 



17 

« a 



11 



II M j 1 1| 
II lllll 



BSSSSSi i33s? 
,5 £ * 5 5 c5 ^ £ 5 £ £ | 



nil !!§!!iiiiiil§iliii! 

oocaoSot^r^ooooQOQoe^c^oo— coo 



II s ||lllllllll|ll| 

O O C»3 C/7 O O -5? -5? -i? ^? tf» -5? -«? W> 



I illillHIIISIlI 

5E353S^ 1 gSSSSSSSS ( g l 5SS^BB 

llllllilililliiiiilillii 

gj§g||j|§illl§llg|§lll§§ 



I 



s s 
Is 



if 



8 




EP 0 751 099 A1 



10 



15 



20 



25 



35 



40 



45 



50 



cn 

<D 
i— I 
X} 





o«ooo<oo 


* 


tO C— lO »£> LT» C— CO 


i-H 


C3C3CDC3CDCDCDCD 
CD CO U) tfl O CD 
« N CO CO — 4 




S 3 

* — » CM 
M *— "* 

S o" 




3 — * 

CM o 
CM 

0 ' 

o - 




. M O 

CD 03 

g < < 

S ^ ^ 

5 «? «? 

S £ $ 




S* N \ 

_ t522 

CD • — . 1 *— ' — ' 
CM CD 

* * » CO 1 1 

CD N CO ^s. "CJ *t3 
•H O V A CU CL 




<S) -— C3 — « — < 

j§ «a <s = ^ ^ 




^— s CM CD CM . O CD 

S • ^ c § t5 [5 
i5 ^ ^ o c5 5 5 

cnj cvj tfl ■< cm" 'cm* 




co "■ — — ' -< CO ' ■ — ' 

CD CM 1 1 CD CM 1 1 


jre 


CM ' «— « *— 1 eO — * — • 

\<oo\<oo 


struct! 


co — ■« — ^ co — ^ — • 

CM ' CM \. *— ' • 

— no be " — ■ . » no 

. — . m 2 2 . — to 2 S 

tlfl 3 CD 3 m33cd 

^ .21 .2. « ^ ^ 
OCDQ— . o o o 

— i 1 1 — • t 1 1 

£j CO cr> U"> N CO LT> LfJ 
OtDC^OOtDOO 


Film 


d 

o * 




u a 





0) 

o 

<C 

U 
P 

03 



x: 



■a 



o 



— o 

CN .-I 
* O 
O 

-P C 

o o 
a *h 

u 

CU (I) 
-M —I 
•H 4-1 

x: a> 

4-» 4-j 

o o 

M 0) 
<D CP 
Xi C 

E <a 
p x: 
z o 



According to the laminate of the present invention, the humidity resistance properties can be improved, whereby 
packaging, storaging and handling can be simple, an amount of moisture absorbing agent to be used can be reduced 
and the manufacturing cost can be reduced. Since the scratch resistance properties are also improved, a danger of 
causing a flow during the handling can be small. Accordingly, it is suitable for a Low-E glass. 
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Claims 



1 . A laminate which comprises a transparent substrate, a first oxide layer comprising ZnO which contains at least one 
metal, a first metallic layer comprising Pd-containing Ag and a second oxide layer comprising Sn02 or ZnO which 

s contains at least one metal, wherein said layers are formed on the substrate in this order. 

2. The laminate according to Claim 1 , wherein the first oxide layer is an oxide layer comprising AAcontaining ZnO, and 
the second oxide layer is an oxide layer comprising SnOa or Sn- and/or AAcontaining ZnO. 

w 3. The laminate according to Claim 1 or 2. wherein a layer of thin metallic film or nitride film is interposed between the 
first metallic layer and the second oxide layer. 

4. The laminate according to anyone of Claims 1 to 3, wherein a Si -containing Sn0 2 film is formed at the outer side 
of the second oxide layer. 

75 

5. A laminate which comprises a transparent substrate, a first oxide layer comprising ZnO which contains at least one 
metal, a first metallic layer comprising Pd-containing Ag. a second oxide layer comprising ZnO which contains at 
least one metal, a second metallic layer comprising Pd-containing Ag. and a third oxide layer comprising Sn0 2 or 
ZnO which contains at least one metal, wherein said layers are formed on the substrate in this order. 

20 

6. The laminate according to Claim 5, wherein the first oxide layer is an oxide layer comprising A/-containing ZnO, the 
second oxide layer is an oxide layer comprising AZ-containing ZnO. and the third oxide layer is an oxide layer com- 
prising Sn0 2 or Sn- and/or AZ-containing ZnO. 

25 7. The laminate according to Claim 5 or 6. wherein a layer of thin metallic film or nitride film is interposed between the 
first metallic layer and the second oxide layer and/or the second metallic layer and the third oxide layer. 

8. The laminate according to anyone of Claims 5 to 7, wherein a Si-containing Sn0 2 film is formed at the outer side 
of the third oxide layer. 

30 

9. The laminate according to anyone of Claims 5 to 8, wherein the thickness of the first metallic layer is 50-70% of the 
thickness of the second metallic layer. 

10. The laminate according to anyone of Claims 5 to 8, wherein the thickness of the first metallic layer is 6.5-8.0 nm, 
35 and the thickness of the second metallic layer is 10.5-12.5 nm. 

1 1 . The laminate according to anyone of Claims 1 to 1 0, wherein the content of the metal in ZnO which contains at least 
one metal is 1 -10 at% based on the total amount of the metal and Zn. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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